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A field experiment was conducted to evaluate the potential of foliar treatment of phenylalanine or 
methionine with different concentrations (0, 50, 75, 100 mg/l) for improving growth characters, seed yield 
quantity and quality and some biochemical aspects of flax cultivars (Vaiking & Giza 8) under water deficit 
(skipping irrigation) grown in sandy soil during the two successive winter seasons of 2015/2016 and 
2016/2017. Exogenous application phenylalanine or methionine led to marked increases in growth 
characters (shoot and root height, fresh and dry weights) compared to untreated plants. Concomitantly 
with an increase in the levels of IAA, photosynthetic pigments (chlorophyll a, chlorophyll b, and 
carotenoids), phenol, total soluble sugars, polysaccharides, and total carbohydrates as compared with 

the control. All treatments increased seed yield and its components, as )plant height, technical length, 

fruiting zone length, number of fruiting branches/plant, number of capsules/plant, also, biological yield 
/plant, seed yield /plant, 1000 seeds weight, biological yield /fed, seed yield /fed, straw yield/fed, seed oil 

% and oil yield (kg/fed) ( when compared with the untreated controls.  Also a marked increase in 

nutritional values of the seed yield and oil %. The maximum increases were obtained in response to 
application of methionine at 100 mg/l in both cultivars. These results suggest that there was a noticeable 
cultivar difference among tested cultivars. In general the flax cultivars were significantly different in their 
seed and oil yields due to application of these amino acids treatments. The highest seed and oil yields 
were recorded with Vaiking cultivar, while Giza- 8 cultivar produced the highest straw yield under the 
same foliar application treatments. 
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INTRODUCTION 

Linseed (Linum usitatissimum L.) is old 
economic crop grown as oil, fiber and dual 
purpose crop. Flax has been a main source of 
industrial oil for products like paints, linoleum, 
polish, inks and cosmetic (Zhang et al., 2007). 
Currently, linseed is vital because a functional 
food from the point of view of its nutrition and 

pharmaceutical value, and its nutritious 
components include oil, protein, lignin, resolvable 
fiber, mineral and vitamins (Wu et al., 2008). Flax 
cultivars vary in seed yield and its components as 
well as seed oil content. Linseed is widely used 
medicinally because of a high ratio of α-linolenic 
(omega-3) to linoleic (omega-6) unsaturated fatty 
acids (Bloedon and Szapary 2004). Treatment 
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with 1 g per day of Omega-3 fatty acid minimized 
occurrence the diseases of cardio-vascular and 
sudden cardiac death (Johnson et al., 2008).  

 Water deficit is considered the most limiting 
factor on plant growth and crop productivity 
worldwide. Plants confrontation water deficit 
conditions lead to changes in different   
physiological processes, developmental and 
molecular level, growth inhibition and decrease of 
photosynthetic rates (Hirayama & Shinozaki 
2010). 

Amino acids can play various functions in 
plants; they act as stress-reducing agents, source 
of nitrogen and hormone precursors (Maeda and 
Dudareva, 2012). Amino acids produce protein 
biosynthesis in plants. They are considered the 
building blocks for numerous biosynthesis 
pathways and play vital function during signaling 
processes. In addition, they are important 
components of antioxidant system as they 
decrease the free radicals and osmoprotection 
(Rennenberg and Herschbach, 2014).  In addition, 
amino acids like glutamate, cysteine, 
phenylalanine, and glycine may act directly or 
indirectly in the mitigation, of plant oxidative 
stresses (Gill and Tuteja, 2010). The application 
of L-phenylalanine, a phenolic precursor, 
significantly increments the phenolic pool of 
oilseed rape. However, it is important to 
remember that a unique foliate-dependent 
phenylalanine hydroxylase localized in 
chloroplasts has been specified in non-flowering 
plants (Pribat et al., 2010). Methionine is a 
nutritional essential sulfur-containing amino acid 
whose low level in plants diminishes their value as 
a source of dietary protein for humans and 
animals. Methionine is a fundamental metabolite 
in plant cells, as throughout its first metabolite S-
adenosyl methionine (SAM), it controls the levels 
of various key metabolites, like ethylene, and 
polyamines. SAM is the primary methyl group 
donor that regulates different processes in plants. 
Its regulates vital cellular processes like cell 
division, synthesis of cell wall, synthesis of 
chlorophyll and membrane synthesis (Roje 2006). 
Methionine enhanced the nutritional quality of 
plants. Methionine is considered a protein 
constituent and it’s a central role in the initiation of 
m RNA translation. The substrate of SAM-
dependent methyl transferases participates in 
both primary and secondary metabolism, like 
lipids, DNA, RNA, proteins, alkaloids, 
osmoprotectants, and reactions necessary for 
chlorophyll synthesis (Roje 2006). SAM is a 
precursor of ethylene, which regulates 

development stages as well as the ripening and 
senescence (Matilla 2000). SAM is the source of 
propyl amino group in the synthesis of 
polyamines, spermine and spermidine, which play 
vital processes in many aspects of plant growth, 
including cell proliferation and differentiation, 
apoptosis, homeostasis and gene expression 
(Pang et al., 2007).   

The aim of the present work was to study the 
influence of foliar spraying of phenylalanine or 
methionine on growth, some biochemical aspects, 
yield and yield components of two flax cultivars 
(Vaiking and Giza-8) grown under water deficit in 
reclaimed sandy soil. 
 
MATERIALS AND METHODS 

The field experiment was carried out at the 
experimental station of National Research Centre, 
Al Nubaria district El-Behira Governorate-Egypt, in 
2015/2016 and 2016/2017 winter season. Soil of 
the experimental site was sandy soil. Mechanical, 
chemical and nutritional analysis of the 
experimental soil is reported in Table-1 according 
to Chapman and Pratt (1978). 

The experimental design was split plot design 
with three replications, where flax cultivars 
occupied the main plots, and the concentrations of 
phenylalanine or methionine application (0, 50, 
75, 100 mg/l) were allocated at random in sub 
plots. Flax seeds of Vaiking and Giza-8 cultivars 
were sown on the 17th November in both season 
in rows 3.5 meters long, and the distance between 
rows was 20 cm apart, plot area was 10.5 m2 (3.0 
m in width and 3.5 m in length). The seeding rate 
was 2000 seeds/m2. Pre-sowing, 150 kg/fed of 
calcium super-phosphate (15.5% P2O5) were 
used. Nitrogen was applied after emergence in 
the form of ammonium nitrate 33.5% at rate of 75 
kg/fed in five equal doses. Potassium sulfate (48 
% K2O) was added at two equal doses of 50 
kg/fed. Irrigation was carried out using the new 
sprinkler irrigation system where water was added 
every 5 days. Foliar application of different 
concentrations of phenylalanine or methionine 
application (0, 50, 75, 100 mg/l) was carried out 
twice; where plants were sprayed after 45 and 60 
days from sowing. Water deficit (by skipping tow 
irrigation after the two foliar application of 
phenylalanine or methionine. Plant samples were 
taken after 75 days from sowing for 
measurements of growth characters and some 
biochemical parameters. Growth parameters in 
terms of, shoot length (cm), shoot fresh and dry 
weight (g), roots length (cm), root fresh and dry 
weight (g). Chemical analysis measured were 
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photosynthetic pigments, IAA and total phenol 
contents.  

 
 

Table 1: Mechanical, chemical and nutritional analysis of the experimental soil 
(mean of two seasons). 

                                                                   Mechanical analysis: 

Sand % Silt % Clay % Soil texture 

91.77 3.33 4.9 Sandy 

                                                                  Chemical analysis: 

pH1:2.5 ECdSm-1 CaCO3 % OM% 

7.45 0.40 1.53 0.27 

 

Available nutrients 

Macro element mg/100 g soil Micro element mg/kg soil 

P K Ca Mg Na Fe Mn Zn Cu 

0.23 11.09 91.0 18.0 13.69 4.46 3.55 0.09 0.09 

 
Plant samples were dried in an electric oven 

with drift fan at 70°C for 48 hr. till constant dry 
weight for determination of total soluble sugars 
(TSS), polysaccharides and total carbohydrates. 
Flax plants were pulled when signs of full maturity 
were appeared, then left on ground to suitable 
complete drying. Capsules were removed 
carefully. At harvest, plant height (cm), fruiting 
zone length (cm), number of fruiting 
branches/plant, number of capsules/plant, seed 
yield/plant (g), biological yield/plant (g) and 1000 
seeds wt (g), were recorded on random samples 
of ten guarded plants in each plot. Also, seed 
yield/fed (kg/fed), straw yield kg/fed, biological 
yield kg/fed., seed oil %, and oil yield (kg/fed) 
were studied.  
 

Chemical analysis: 
Photosynthetic pigments contents (chlorophyll 

a and b and carotenoids) in fresh leaves were 
estimated using the method of Lichtenthaler and 
Buschmann, (2001). IAA described by Larsen et 
al., (1962).Total phenol content was measured as 
described by Danil and George (1972). Total 
soluble sugars (TSS) were extracted by the 
method of Homme et al., (1992) and analyzed 
using Spekol Spectrocololourimeter VEB Carl 
Zeiss (Yemm and Willis, 1954). Determination of 
total carbohydrates was carried out according to 
Herbert et al., (1971).  The oil of flax seeds were 
extracted according to Kates and Eberhardt 
(1957).  
 

Statistical analysis: 
The data were statistically analyzed on 

complete randomized design under split plot 
system according to Snedecor and Cochran 
(1980). Means were compared by using least 

significant difference (LSD) at 5%. 
 
 
RESULTS 

Effect of flax cultivars 
Significant variations in most of vegetative 

growth parameters, photosynthetic pigments, 
carbohydrate, IAA, phenolic content as well as 
seed yield, yield components and nutritive value 
(oil, carbohydrates%) of the seed yields between 
two flax cultivars are shown in Table (2).  

Vaiking cultivar surpassed Giza-8 in the 
number of branches /plant, polysaccharides and 
carbohydrates % in leaves, number of fruiting 
branches/plant, as well a number of 
capsules/plant, oil percentage, oil yield kg/fed. 
and carbohydrates %. Whereas,Giza-8 cultivar 
was characterized by the highest fresh and dry 
weight of shoot and root  chlorophyll b, 
carotenoid, as well as total photosynthetic 
pigments, IAA,  phenolic content, total soluble 
carbohydrate, plant height, 1000 seeds weight, 
biological yield ton/ fed. and straw yield ton /fed.  
It is worthy to mention that Vaiking and Giza-8 
cultivar showed no significant different in seed 
yield kg/fed).  

Effect of phenylalanine or methionine. 
Phenylalanine or methionine treatments 

showed no significant variations in most 
investigated parameters (vegetative growth 
parameters, photosynthetic pigments, 
carbohydrate, phenolic content as shown in Table 
(3). Phenylalanine treatment increased shoot 
length, IAA, Plant height, number of basal 
branches/plant, as well as number of fruiting 
branches/plant and 1000 seeds weight.   
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However, application of methionine treatment 
increased seed yield/plant, seeds yield kg/ fed., 

biological yield ton/ fed, straw yield ton /fed., oil 
percentage, oil yield kg/ fed.  

Table (2): Effect of cultivars on some morphological characters, chemical contents, yield and its 
components of flax grown in  reclaimed sandy soil under water deficit (combined analysis of two 
seasons). 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Stages Characters 
Cultivars 

LSD 0.05 
Vaiking Giza 8 

A
t 

7
5
 d

a
y
s
 a

ft
e

r 
s
o

w
in

g
 

shoot length (cm) 71.72 71.69 1.31 

branches no/plant 2.52 1.76 0.38 

Shoot fresh wt. (g) 7.29 9.40 0.36 

Shoot  dry wt. (g) 0.77 0.96 0.08 

Root length (cm) 14.70 13.69 1.32 

root fresh wt. (g) 1.29 2.01 0.09 

root dry wt. (g) 0.37 0.43 0.00 

Chlorophyll a (mg/100g fresh wt.) 1.53 1.47 0.08 

Chlorophyll b (mg/100g fresh wt.) 0.34 0.50 0.01 

Carotenoids (mg/100g fresh wt.) 2.11 3.98 0.08 

Total pigments (mg/100g fresh wt.) 3.98 5.94 0.12 

IAA (µg/ g  fresh wt) 70.03 89.03 2.70 

Phenol (mg/100g  fresh wt) 162.26 199.57 12.46 

TSS % 4.72 6.83 0.28 

Polysaccharides % 28.65 23.64 1.43 

Carbohydrates % 33.36 30.48 1.64 

A
t 

 h
a
rv

e
s
t 

Plant height (cm) 80.41 84.75 1.03 

Biological yield/ plant (g) 5.63 4.57 0.48 

Number basal branches 2.34 2.61 0.41 

fruiting zone length  (cm) 18.42 23.44 1.69 

Technical length (cm) 61.99 61.31 2.16 

No of fruiting branches/ plant 10.69 9.09 0.71 

Number of capsules/plant 39.94 27.72 3.75 

Seed yield/plant (g) 1.95 1.90 0.33 

1000 seeds wt (g) 4.32 5.91 0.37 

Biological yield (ton/fed) 1.90 2.70 0.36 

seed  yield (kg /fed) 365.63 361.13 9.59 

Straw yield (ton/fed) 1.53 2.34 0.07 

Oil% 34.61 32.79 0.34 

Oil yield (kg/ fed.) 122.12 108.16 0.65 

Carbohydrates% in seeds 31.90 27.46 0.62 
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Table (3): Effect of phenylalanine or methionine on some morphological characters, chemical 
contents, yield and its components of flax grown in reclaimed sandy soil under water deficit 
(combined analysis of two seasons). 

Effect of amino acids concentration.  
The presented data in Table (4) show the 

effect of different concentrations of amino acids 
(25, 50 & 75 mg/L) on morphological characters, 

chemical contents, yield and its components of 

flax plants. Different treatment increased 
significantly all the studied growth parameters as 
compared with the corresponding control. The 
amino acids at concentration 75 mg/l was the 
most effective treatment in different growth 

Stage Characters 
Concentrations of amino acids mg/l 

LSD0.05 
0 50 75 100 

A
t 

7
5
 d

a
y
s
 a
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e

r 
s
o

w
in

g
 

shoot length (cm) 60.94 69.44 78.25 78.19 2.33 

branches number/plant 1.63 2.00 2.47 2.46 0.54 

Shoot fresh wt (g) 6.93 8.43 9.02 9.00 0.81 

Shoot  dry wt (g) 0.72 0.89 0.91 0.95 0.09 

Root length (cm) 12.75 13.34 15.50 15.19 1.10 

root fresh wt (g) 1.13 1.68 1.98 1.81 0.10 

root dry wt (g) 0.34 0.39 0.44 0.44 0.03 

chlorophyll a (mg/100g fresh wt) 1.15 1.50 1.61 1.75 0.08 

chlorophyll b (mg/100g fresh wt) 0.37 0.44 0.42 0.45 0.03 

Carotenoids (mg/100g fresh wt) 2.23 2.99 3.28 3.67 0.10 

Total pigments (mg/100g fresh wt) 3.74 4.93 5.31 5.87 0.10 

IAA (µg/ g fresh wt.) 75.24 78.72 85.54 78.62 3.31 

Phenol (mg/100g fresh wt.) 173.30 180.67 195.13 174.55 13.31 

TSS % 5.38 5.82 6.08 5.82 0.35 

Polysaccharides % 26.41 26.53 27.08 24.56 2.65 

Carbohydrates % 31.77 32.40 33.15 30.37 2.84 

A
t 

 h
a
rv

e
s
t 

Plant height  (cm) 73.00 86.25 84.56 86.50 3.73 

Biological yield/ plant (g) 3.27 5.47 6.53 5.14 0.48 

Number basal branches 2.23 2.50 2.56 2.63 0.48 

fruiting zone length  (cm) 18.92 20.17 22.08 22.54 2.71 

Technical length (cm) 54.09 66.09 62.48 63.96 3.70 

No of fruiting branches/ plant 6.25 9.19 11.06 13.06 0.71 

Number of capsules/plant 18.50 32.31 39.25 45.25 3.01 

Seed yield/plant (g) 1.17 1.83 2.19 2.52 0.45 

Biological yield (ton/fed) 1.79 1.99 2.53 2.90 0.56 

seed  yield (kg/fed) 263.50 347.50 407.00 435.50 10.95 

Straw yield (ton/fed) 1.515 1.648 2.118 2.460 0.06 

1000 seeds wt. (g) 4.19 4.63 5.37 6.28 0.45 

Oil % 33.01 33.64 34.39 33.75 0.46 

Oil yield (kg fed.) 72.85 110.82 126.95 149.95 2.43 

Carbohydrates% in seeds 29.16 29.79 30.34 29.45 2.41 
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parameters, IAA, phenols, TSS, carbohydrates % biological yield ton/fed and oil %.  
 
Table (4): Effect of concentrations of amino acids (phenylalanine or methionine) on some 

morphological characters, chemical contents, yield and its components of flax 
grown in reclaimed sandy soil under water deficit (combined analysis of two 
seasons). 

 

 
 
 
 

 

 
 
 
 

Stage Characters Phenylalanine Methionine LSD 0.05 

A
t 

7
5
 d

a
y
s
  

a
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e
r 

s
o

w
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g
 

shoot length (cm) 72.30 71.11 0.95 

branches number/plant 2.18 2.09 0.32 

Shoot fresh wt (g) 8.22 8.47 0.84 

Shoot  dry wt (g) 0.84 0.89 0.06 

Root length (cm) 14.02 14.38 0.77 

root fresh wt (g) 1.90 1.40 0.09 

root dry wt (g) 0.42 0.38 0.01 

chlorophyll a (mg/100g fresh wt) 1.48 1.52 0.05 

chlorophyll b (mg/100g fresh wt) 0.41 0.43 0.01 

Carotenoids (mg/100g fresh wt) 3.04 3.04 0.01 

Total pigments (mg/100g fresh wt) 4.94 4.98 0.05 

IAA (µg/ g  fresh wt) 80.82 78.24 2.25 

Phenol (mg/100g  fresh wt) 185.13 176.69 8.50 

TSS % 5.69 5.86 0.20 

Polysaccharids % 26.73 25.56 2.04 

Carbohydrates % 32.43 31.42 2.16 

A
t 

 h
a
rv

e
s
t 

Plant height (cm) 83.78 81.38 1.70 

Biological yield/ plant (g) 5.29 4.91 0.07 

Number basal branches/plant 2.65 2.31 0.13 

fruiting zone length  (cm) 22.02 19.83 1.46 

Technical length (cm) 61.76 61.54 0.90 

No of fruiting branches/ plant 11.53 8.25 0.15 

Number of capsules/plant 34.75 32.91 2.05 

Seed yield/plant (g) 1.80 2.05 0.15 

Biological yield (ton/fed) 2.23 2.38 0.12 

seed  yield (kg /fed) 345.0 381.75 3.99 

Straw yield (ton/fed) 1.885 1.993 0.08 

1000 seeds wt (g) 5.20 5.03 0.05 

Oil% 33.67 33.73 0.01 

Oil yield (kg/fed.) 106.48 123.80 1.25 

Carbohydrates% in seeds 29.86 29.51 1.24 
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Whereas, the amino acids at 100 mg/l was the 
most effective treatment in photosynthetic 
pigments and yield and its components of flax. 

Effect of phenylalanine or methionine on 
cultivars.       

Phenylalanine or methionine treatments 
showed  no significant variations in most 
investigated parameters (shoot and root length, 
chlorophyll a,  chlorophyll b,  carbohydrate, IAA 
and phenolic contents, plant height, number of 
basal branches, biological yield, oil % and 
carbohydrates% ) in Vaiking cultivars as shown in 
Table (5). While, fresh and dry weight of roots, 
carotenoids, total pigments and number of fruiting 
branches/plant which significantly increased at 
phenylalanine treatment with Vaiking cultivar 
Moreover, application of methionine treatment 
increased number of capsules/plant, seeds weight 
/plant, 1000 seeds weight, seeds yield kg/ fed. 
straw yield ton /fed.  and oil yield kg/ fed with 
Vaiking cultivar. In response to Giza 8 cultivar the 
methionine induced the significantly increase in 
photosynthetic pigments. The phenylalanine 
induced significant increase shoot fresh and dry 
weight, IAA, phenol, plant height, technical length, 
number of fruiting branches, number of 
capsules/plant and 1000 seeds weight with Giza 8 
cultivar. It is worth to mention that the methionine 
induced the significant increases in seed yield 
kg/fed., straw yield ton /fed and oil yield kg/ fed in 
both cultivars.  

Effect of interaction of flax cultivars, 
phenylalanine or methionine treatments on 
growth parameters: 

The results reported in Table (6) showed that 
there was an increase in all growth parameters 
due to all concentrations used of phenylalanine or 
methionine application (0, 50, 75, 100 mg/l)   of 
the both flax cultivars under test compared with 
untreated control plants. This promoting effect 
reached maximum at 75 mg/l phenylalanine and 
100 mg/l methionine for all growth characters 
except number of branches of Giza 8 cultivar 
which was at 100 mg/l phenylalanine.  

Effect of interaction of flax cultivars, 
methionine or phenylalanine treatments on 
photosynthetic pigments 

Regarding to photosynthetic pigments of both 
flax cultivars grown under drought stress in 
reclaimed sandy soil is represented in (Table 7). 
Data show that phenylalanine or methionine 
application (0, 50, 75, 100 mg/l) caused significant 

increases in chlorophyll a, chlorophyll, b, 
carotenoids and total pigments of both flax 
cultivars (Vaiking and Giza 8). The highest 
promotive effect was obtained from 100 mg/l of 
phenylalanine application in both cultivars.  
Methionine application at 50 mg/l and 75 mg/l 
were the most effective treatments in Giza cultivar 
and Vaiking cultivar respectively. Data clearly 
showed that the response of Giza 8 cultivar had 
more contents of photosynthetic pigments than 
Vaiking cultivar.  

Effect of interaction of flax cultivars, 
phenylalanine or methionine treatments in 
IAA, phenol and carbohydrate contents: 

Data in (Table 8) showed that, foliar 
application at different concentrations of 
phenylalanine or methionine application (50, 75, 
100 mg/l) and grown under water deficit (by 
skipping irrigation) caused significant increases in 
IAA and phenol contents at Vaiking cultivar. The 
highest promotive effects were obtained at 75mg/l 
phenylalanine and 100 mg/l methionine.  While, in 
Giza 8 showed a non significant increase in all 
treatments except methionine at 100 mg/l which 
induced significant decrease as compared with 
the corresponding controls. The all used 
treatments of phenylalanine and methionine 
induced non significant increases in total soluble 
sugars, polysaccharides and total carbohydrates 
%, in both cultivars. 

Effect of interaction of flax cultivars, 
phenylalanine or methionine treatments in 
yield and yield components. 

Data presented in (Table 9 &10) show the 
effect of foliar application at different 
concentrations of phenylalanine or methionine 
application (50, 75, 100 mg/l) and grown under 
water deficit on yield parameters of flax cultivars 
Vaiking and Giza 8 grown in sandy soil. Data 
clearly show that, application of different 
treatments increased significantly yield and yield 
components such as plant height (cm), fruiting 
zone length (cm), technical stem length (cm) , 
number of fruiting branches/plant,  number of 
capsules/plant, seed yield /plant (g), biological 
yield/plant  (g), straw yield ton/fed., seed yield 
(kg/fed), 1000 seed weight(g), oil %,  and oil yield  
(kg/fed)  . The maximum increases in biological 
yield, straw yield, seed yield and oil yield /fed 
were obtained in response to application of 
methionine at 100 mg/l in both cultivars. The 
increase in yield components of flax in response 
to amino acids treatments relative to untreated  
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plants might be result from increased number 
of fruiting branches/plant, number of 
capsules/plant and 1000 seed weight (g). The 
highest seed and oil yields were obtained in 

Vaiking cultivar, while Giza- 8 cultivar produced 
the highest fiber yield under the same foliar 
application treatment. 

Table (5): Effect of cultivars and amino acids (phenylalanine or methionine) on some 
morphological characters, chemical contents, yield and its components of flax in reclaimed sandy 
soil under water deficit. (Combined analysis of two seasons). 

 

Stage 

Cultivars Vaiking Giza 8 
 

LSD 0.05 
          Amino acid 

Characters 
Phenyl- 
alanine 

Methio- 
nine 

Phenyl- 
alanine 

Methio- 
nine 

A
t 

7
5
 d

a
y
s
 a

ft
e

r 
s
o

w
in

g
 

shoot length (cm) 71.38 72.06 73.22 70.16 2.33 

branches number/plant 2.45 2.58 1.92 1.60 0.54 

Shoot fresh wt (g) 6.15 8.42 10.30 8.51 0.81 

Shoot  dry wt (g) 0.65 0.89 1.03 0.89 0.09 

Root length (cm) 15.03 14.38 13.00 14.38 1.10 

root fresh wt (g) 1.44 1.14 2.36 1.67 0.10 

root dry wt (g) 0.41 0.34 0.43 0.43 0.03 

chlorophyll a (mg/100g fresh wt) 1.56 1.51 1.40 1.53 0.08 

chlorophyll b (mg/100g fresh wt) 0.35 0.34 0.48 0.52 0.03 

Carotenoids (mg/100g fresh wt) 2.25 1.96 3.84 4.12 0.10 

Total pigments (mg/100g fresh wt) 4.16 3.80 5.72 6.16 0.10 

IAA (µg/ g  fresh wt) 70.47 69.59 91.17 86.88 3.31 

Phenol (mg/100g  fresh  wt) 163.19 161.33 207.08 192.05 13.31 

TSS % 4.68 4.76 6.70 6.95 0.35 

Polysaccharides % 28.80 28.49 24.66 22.63 2.65 

Carbohydrates % 33.47 33.26 31.38 29.58 2.84 

A
t 

 h
a
rv

e
s
t 

Plant height (cm) 79.38 81.44 88.19 81.31 2.1 

Biological yield/ plant (g) 5.81 5.45 4.78 4.37 0.48 

Number basal branches 2.50 2.19 2.80 2.43 0.48 

fruiting zone length  (cm) 18.96 17.88 25.08 21.79 2.71 

Technical length (cm) 60.42 63.56 63.11 59.52 1.11 

No of fruiting branches/ plant 11.69 9.69 11.38 6.81 0.71 

Number of capsules /plant 38.13 41.75 31.38 24.06 3.01 

Seed yield/plant (g) 1.49 2.41 2.12 1.68 0.45 

1000 seeds wt. (g) 4.06 4.59 6.35 5.48 0.45 

Biological yield (ton/fed) 1.85 1.94 2.60 2.81 0.56 

seed  yield (kg /fed) 361.25 370.00 328.75 393.50 10.95 

Straw yield (ton/fed) 1.489 1.565 2.271 2.411 0.14 

Oil% 34.71 34.50 32.62 32.96 0.46 

Oil yield (kg fed.) 109.94 134.30 103.03 113.30 2.43 

Carbohydrates % in seeds 32.05 31.75 27.66 27.27 3.21 
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Table (6): Effect of phenylalanine or methionine on morphological criteria of two flax cultivars Vaiking (Cult 1) and Giza 8 (Cult 2) plant 
at 75 days after sowing grown in reclaimed sandy soil under  water deficit (combined analysis of two seasons). 

Materials 
mg/l 

Shoot 
Length cm 

Branches no 
/ plant 

Shoot fresh 
wt /g 

Shoot dry 
wt/ g 

Root length 
cm 

Root fresh 
wt /g 

Root dry 
wt/g 

Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 
P

h
e

n
y
la

la
n

in
e
 

0 58.50 63.38 2.00 1.33 5.65 8.21 0.57 0.86 13.25 12.25 0.84 1.43 0.31 0.38 

50 69.00 73.25 2.17 1.58 6.33 11.26 0.67 1.09 15.38 12.50 1.55 2.53 0.43 0.41 

75 82.25 79.25 3.63 1.83 6.39 12.21 0.68 1.19 16.25 14.50 1.96 3.13 0.49 0.47 

100 75.75 77.00 2.00 2.92 6.24 9.53 0.69 1.01 15.25 12.75 1.41 2.34 0.41 0.47 

M
e

th
io

n
in

e
 

50 68.25 67.25 2.50 1.75 7.98 8.15 0.89 0.92 13.25 12.25 1.02 1.61 0.30 0.40 

75 78.75 72.75 2.75 1.67 8.99 8.51 0.92 0.88 15.00 16.25 1.09 1.75 0.33 0.46 

100 82.75 77.25 2.92 2.00 11.07 9.18 1.19 0.93 16.00 16.75 1.63 1.88 0.41 0.47 

LSD 0.05 4.66 1.07 1.63 0.17 2.20 0.20 0.06 
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Table (7): Effect of phenylalanine or methionine on photosynthetic pigments (mg/g fresh weight) 
of flax cultivars Vaiking (Cult 1) and Giza 8 (Cult 2) at 75 days   after sowing grown in sandy soil 
under water deficit (combined analysis of two seasons). 

Materials 
mg/l 

Chlorophyll a Chlorophyll b Carotenoids Total pigments 

Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 
P

h
e
n

y
la

la
n

in
e

 

0 1.04 1.25 0.33 0.41 0.89 3.56 2.25 5.23 

50 1.13 1.33 0.37 0.44 1.47 3.38 2.97 5.15 

75 1.99 1.31 0.42 0.46 2.93 3.72 5.35 5.49 

100 2.09 1.72 0.38 0.61 3.70 4.69 6.17 7.01 

M
e
th

io
n

in
e

 

50 1.63 1.92 0.39 0.67 2.08 5.01 4.10 7.60 

75 1.73 1.40 0.35 0.55 2.57 3.90 4.65 5.84 

100 1.63 1.55 0.28 0.54 2.31 3.99 4.21 6.08 

LSD 0.05 0.16 0.06 0.20 0.20 

 
 
Table (8): Effect of phenylalanine or methionine on IAA (μg /g fresh weight), total phenol (mg/100g 
fresh weight) and total soluble sugar, polysaccharides and total carbohydrates % of flax cultivars 
Vaiking (Cult 1) and Giza 8 (Cult 2) at 75 days after sowing grown in sandy soil under water deficit 
(combined analysis of two seasons). 

materials 
mg/l 

IAA Phenol 
Total soluble 

Sugars % 
Polysaccharides 

% 
Carbohydrates 

% 

Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 

P
h

e
n

y
la

la
n

in
e
 0 60.54 89.94 142.1 204.5 4.49 6.30 27.55 25.26 32.01 31.53 

50 67.41 89.16 156.7 212.8 4.75 6.26 28.48 24.85 33.28 31.23 

75 77.47 95.15 178.0 215.5 4.54 6.97 29.98 24.71 34.49 31.68 

100 76.45 90.45 175.9 205.5 4.94 7.29 29.19 23.82 34.11 31.11 

M
e

th
io

n
in

e
 

50 66.81 91.49 155.4 207.7 4.61 7.66 28.87 23.95 33.48 31.61 

75 72.71 96.82 167.9 219.1 5.06 7.75 29.25 24.40 34.31 32.15 

100 78.32 79.27 179.8 187.0 4.93 6.11 28.30 16.91 33.23 23.03 

LSD 0.05 6.62 6.62 0.71 5.3 3.68 
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Table (9): Effect of phenylalanine or methionine on yield and yield components of flax cultivars Vaiking (Cult 1) and Giza 8 (Cult 2) 
grown in sandy soil under water deficit (combined analysis of two seasons). 

Materials 
mg/l 

Plant height 
cm 

Biological 
 Yield  /plant g 

Number basal  
branches 

fruiting zone 
 length cm 

Technical stem 
Length cm 

Number  fruiting 
 branches/plant 

No. of capsules 
 /plant 

Cult 1 Cult 2 Cult1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 

P
h

e
n

y
la

la
n

in
e
 0 73.75 72.25 3.92 2.62 2.00 2.45 15.83 22.00 57.92 50.25 8.00 4.50 25.25 11.75 

50 80.75 96.00 7.38 4.79 2.00 2.75 18.33 24.33 62.42 71.67 11.00 12.50 35.50 34.75 

75 82.50 91.75 6.71 5.92 3.00 3.00 20.17 25.50 62.33 66.25 13.25 13.50 43.75 37.00 

100 80.50 92.75 5.24 5.77 3.00 3.00 21.50 28.50 59.00 64.25 14.50 15.00 48.00 42.00 

M
e

th
io

n
in

e
 

50 82.75 85.50 5.54 4.18 2.75 2.50 17.67 20.33 65.08 65.17 8.00 5.25 44.25 14.75 

75 78.25 85.75 7.12 6.35 2.00 2.25 18.33 24.33 59.92 61.42 8.75 8.75 48.00 28.25 

100 91.01 81.75 5.23 4.31 2.00 2.50 19.67 20.50 71.33 61.25 14.00 8.75 49.50 41.50 

LSD 0.05 4.2 0.96 0.96 2.33 2.21 1.42 2.17 
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Table (10): Effect of phenylalanine or methionine on yield and yield components of flax cultivars Vaiking (Cult 1) and Giza 8 (Cult 2) 
grown in sandy soil under water deficit (combined analysis of two seasons). 

Materials 
mg/l 

Seed yield 
/plant g 

Biol.  Yield 
ton/fed 

Straw yield 
ton /fed. 

seed yield 
kg/fed 

1000 seed 
wt/ g 

Oil % 
Oil yield 
Kg/fed 

Carbohydrates% 

Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult 1 Cult 2 Cult  1 Cult 2 Cult 1 Cult 2 

P
h

e
n

y
la

la
n

in
e
 0 1.07 1.26 1.34 2.21 1.08 1.95 263 264 3.60 4.79 33.25 32.77 68.1 77.6 30.81 27.51 

50 1.18 2.00 1.57 2.38 1.23 2.05 338 328 3.84 5.82 34.52 32.47 97.76 88.8 31.73 28.10 

75 1.46 2.38 2.06 2.75 1.68 2.41 378 341 4.16 6.83 35.73 32.92 115.5 110.1 33.23 27.96 

100 2.25 2.83 2.45 3.04 1.98 2.66 466 382 4.63 7.96 35.35 32.35 158.4 135.6 32.44 27.07 

M
e

th
io

n
in

e
 

50 2.70 1.44 1.65 2.38 1.30 2.01 353 371 3.94 4.92 34.72 32.85 141.6 115.1 32.12 27.20 

75 3.04 1.87 2.19 3.10 1.80 2.58 393 516 4.91 5.57 35.55 33.39 159.3 122.9 32.50 27.65 

100 2.84 2.15 2.55 3.54 2.08 3.12 471 423 5.89 6.65 34.47 32.83 168.2 137.6 31.56 26.71 

LSD 0.05 0.09 1.12 0.11 21.90 0.091 0.91 4.87 4.82 
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DISCUSSION 
Drought is an important factor that could 

influence growth yield and physiological 
characteristics of plants (Xiangwen, et al., 2009). 
It is well known that the response of plants to 
drought stress depends on the species and 
genotype, the time of water severity deficit, plant 
age and stage of development and other related 
characters could be affected on flax growth 
parameters and seed productivity. Data presented 
in Table (2) indicated that Giza-8 and Vaiking 
cultivars differed significantly in the most studied 
traits in combined analysis. Vaiking cultivar 
surpassed significantly Giza-8 in oil yields/fed., 
due to its great number of capsules, weight of 
capsules fruiting branches, seed yield /plant, oil % 
and oil yield kg/ fed. In addition, Giza-8 surpassed 
significantly Vaiking in fresh, dry weight/plant high 
straw yield/fed. was due its superiority, contents 
plant height, technical stem length, biological 
yield/ plant, chlorophyll a, chlorophyll b, 
carotenoids,  total soluble sugar total pigments, 
indole acetic acid and total phenol contents. Such 
results are in agreement with those obtained by 
other investigators (Bakry, et al., 2012, 2015 and 
2016). They found that the flax cultivars differed in 
seed productivity, Moreover, the variability among 
flax cultivars which may be expected because of 
the differences of these cultivars in origin and 
growth habit, where, these flax cultivars are grown 
for double purpose crop oil and fibers under the 
conditions of this trails. 

Table (6) illustrates the effect of phenylalanine 
or methionine application on growth parameters of 
both flax cultivars (Vaiking cultivar and Giza-8) 
and grown under water deficit (by skipping 
irrigation).  Exogenous application of 
phenylalanine mitigated the adverse effects of 
water stress on growth parameters on maize and 
broad bean (Abd El-Samad et al., 2010). 
Methionine application increased the growth 
parameters on Albizia lebbeck (L (Arshad et al., 
1993) and on okra (Zulqadar et al., 2015). 
Application of phenylalanine or methionine  
mitigated partially or completely the adverse 
effects of water deficit on growth of the both flax 
cultivars through increasing photosynthetic 
pigments (Table 7) and endogenous promoters 
especially IAA (Table 8). The same results were 
obtained by El-Bassiouny (2005) and Bakry et al., 
(2016) on wheat and quinoa plants respectively; 
who found that, the increase in growth of plant in 
response to tryptophan treatment relative to 
untreated plants might be a result from increased 
levels of endogenous hormones consequently 

stimulation of cell division and/or cell enlargement 
and subsequently growth.  Also, methionine as a 
donner for methyl groups, through S-
adenosylmethionine (SAM) regulates essential 
cellular processes such as cell division, synthesis 
of cell wall, synthesis of photosynthesis and 
membrane synthesis (Roje 2006). SAM is the 
source of polyamines which play important roles 
in plant growth. Moreover, Amino acids as organic 
nitrogenous compounds are the building blocks in 
the synthesis of proteins and as constituents of 
the protein part enzyme (Davies, 1982). The use 
of amino acids as a precursor of plant growth 
promoters is one approach to minimize the effect 
of water stress on plant growth and productivity. 
El Bassiouny et al., (2008) and Reham et al., 
(2016) pointed out that, amino acids may play an 
important role in plant metabolism and protein 
assimilation which necessary for cell formation 
and consequently increase fresh and dry mater. 

Regarding to photosynthetic pigments of flax 
plant grown under drought stress in sandy soil is 
represented in (Table 7). Data show that 
phenylalanine or methionine caused significant 
increases in photosynthetic pigments of both flax 
cultivars (Vaiking and Giza-8). These results were 
confirmed by the findings of Abd El-Samad et al., 
(2010) on maize and broad bean and (Zulqadar et 
al., 2015) on okra. Methionine regulates essential 
cellular processes such as cell division, and 
synthesis of photosynthesis (Roje 2006).  Also, 
the positive effect of foliar amino acids on 
enhancing all photosynthetic pigments percentage 
may be due to the succnyl COA (Kerb's cycle 
intermediate) and the amino acid glycine, initiate 
the biosysnthetic pathway leading to chlorophyll 
formation (Taylor et al., 1982). Moreover, it is 
noticed that, carotenoids content was significantly 
higher in flax plants under treatment with 
phenylalanine or methionine. Carotenoids play a 
role as a free radical scavenger which, enhance 
their capacity to reduce the damage caused by 
ROS, which in turn increased chlorophyll content 
of such plants (Abdallah et al., 2016). 

Data in (Table 8) showed that, foliar 
application at different concentrations of 
phenylalanine or methionine and grown under 
water deficit (by skipping irrigation) caused 
significant increases in IAA contents. The highest 
promotive effect was obtained from 75 mg/l of 
phenylalanine application in both cultivars Vaiking 
and Giza-8. The results were consistent with the 
research findings by Gamal El din and Abd El-
Wahed (2005) reported that the phenylalanine 
treatments increased total indoles. The increase 
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in IAA content in shoot tissues treated with 
phenylalanine or methionine concurrent with the 
increase in growth rate (Table 5) indicates the role 
of the endogenous hormones in stimulation the 
cell division and/or cell enlargement and 
subsequently growth (Taiz and Zeiger, 2006 and 
Abdallah et al., 2015) . Maxwell and Kieber (2004) 
indicated the link of methionine to the biosynthesis 
of growth regulating substances, e.g., cytokinins, 
auxins and brassinosteroids in plants.  

 Foliar application at different concentrations 
of phenylalanine or methionine  and grown under 
water deficit caused significant increases in 
phenol contents. Phenolic compounds play a key 
role as protective components of plant cells and 
protect cells from potential oxidative damage; 
increase the stability of cell membranes 
(Burguieres et al., 2006). This increase may be 
due to total phenols role to play a significant 
mechanism in regulation of plant metabolic 
processes (Abdallah et al., 2015) confirmed this 
result in quinoa plants.  Phenylalanine, are 
claimed to have increased phenolic substances 

and total indole contents in the yarrow )Gamal El 

din and Abd El-Wahed 2005  ( .El-Awadi et al., 

(2011) and Shekari and Javanmardi (2017) 
observed that the methionine treatment increased 
significant the phenolic content of snap bean and 
Broccoli respectively. Heldt and Piechulla (2010) 
known that phenolic compounds are derived from 
amino acids. 

Total soluble sugars, polysaccharides and 
total carbohydrate contents of flax cultivars 
Vaiking and Giza-8 grown under water deficit 
treated with phenylalanine or methionine (Table 
8). Data indicated increases in followed the same 
trend obtained previously on vegetative growth 
and photosynthetic pigments. These results are in 
agreement with the finding of other studies on 
wheat plants (Abdallah et al 2015). Abd El-Samad 
et al., (2010) added that application of 
phenylalanine increased total soluble sugars 
content of maize and broad bean. Ali et al.,(2013),  
illustrated that, the increase in TSS content may 
be responsible for providing carbon skeleton and 
improvement of photosynthetic pigments (Table 7) 
that lead to the better dry mater production (Table 
6). Moreover, El-Bassiouny et al., (2015) reported 
that, the accumulation of total soluble sugars in 
wheat plant under water stress via increasing 
endogenous levels of certain phytohormones 
(Table 8). In addition, the increases in total 
soluble sugars adjust the osmotic balance and 
increase the contents of chlorophyll which 

increase the rate of photosynthesis and 
carbohydrate synthesis (Swaefy et al., 2007). 
Clifford, (1998) reported that, TSS has been 
considered to be a beneficial drought tolerant 
mechanism for some crop species. 

The effect of foliar application at different 
concentrations of phenylalanine or methionine 
and grown under water deficit on yield parameters 
of flax cultivars Vaiking and Giza-8 grown under 
sandy soil. Data clearly show that, application of 
different treatments increased significantly yield 
and yield components The increase in yield 
components of flax in response to amino acids 
treatments relative to untreated plants might be 
result from increased number of fruiting 
branches/plant, number of capsules/plant and 
1000 seed weight (g). These results are in 
harmony with those obtained by Arshad, et al., 
(1995) on cotton. Moreover, the increase in yield 
might be due to the increase endogenous 
hormones (Table 8). In this respect, El-Bassiouny   
(2005) concluded that, increased levels of 
endogenous hormones in wheat plants treated 
with tryptophan contributed enhanced growth and 
yield. Plant growth regulators appear either to 
form sink mobilizing the different nutrients, which 
are involved in building new tissues in wheat 
plants and/or enhance photosynthesis. 

Amino acids are also involved in the synthesis 
of amines, alkaloids, enzymes and vitamins. They 
are essential to the maintenance of cellular growth 
and are a type of buffer substance while also 
serving as sources of carbon and energy. 
Moreover, it can be concluded that amino acids 
increase the plant’s chlorophyll content and 
contribute to the saving of energy, thereby 
bolstering up the plant’s productivity (Shekari and 
Javanmardi  2017) and added that the application 
of L-methionine improved yield and quality of 
Broccoli plant. Also, Zulqadar et al., (2015) found 
that, the foliar application of L-methionine on okra 
has resulted in more vigorous growth and higher 
yields. The application of phenylalanine on 
genoveser basil increased growth and yields 
(Reham et al.,2016).  

Regarding with the increment in oil% and oil 
yield (kg/fed) with foliar treatments of amino acids 
these increases may be due to the increase in 
vegetative growth, nutrients uptake. Similar 
observations were noted by Noreen and Ashraf 
(2010). The application of phenyl alanine on 
genoveser basil has resulted increase total oil 
(Reham et al., 2016). In addition El-Awadi and 
Hassan (2010) proved the effect of methionine 
treatment resulted in a significant increase in the 
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fixed oil percentage in fennel seed yields. 

CONCLUSION 
It could be concluded that, foliar application of 

both cultivars with different concentrations of 
phenylalanine and methionine could improve 
growth and yield quantity and quality via 
increasing photosynthetic pigments, IAA, phenolic 
contents as well as, carbohydrates constituents of 
plants, under water deficit in reclaimed sandy soil. 
Methionine treatment with 100 mg/L was the most 
effective treatment on most of the yield 
parameters. In general the flax cultivars were 
significantly different in their seed and oil yields 
due to application of these amino acids treatment. 
The highest seed and oil yields were recorded in 
Vaiking cultivar, while Giza- 8 cultivar produced 
the highest fiber yield under the same foliar 
application treatment. 
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